A Gram-stain-negative, non-motile, oval to rod-shaped, psychrotolerant, phototrophic bacterium with vesicular-type intracytoplasmic membrane structures that contain bacteriochlorophyll-a and the spheroidene series of carotenoids was described as Rhodobacter changlensis (Anil Kumar et al., 2007) . However, based on 16S rRNA gene phylogenetic analysis, Rhodobacter changlensis was reclassified as Catellibacterium changlense (Zheng et al., 2011) and subsequently as Gemmobacter changlensis (Chen et al., 2013) . The genera Gemmobacter (Rothe et al., 1987) and Catellibacterium (Tanaka et al., 2004) were described to accommodate nonphototrophic relatives of phototrophic alphaproteobacteria belonging to the family Rhodobacteraceae. The physiological groups of anoxygenic phototrophic bacteria are characterized primarily based on the light-driven energy process of anoxygenic photosynthesis and they are capable of phototrophic growth under anoxic conditions, and thus they are well-distinguished from their chemotrophic phylogenetic partners. Phototrophy is recognized as a genus-specific character (Imhoff & Caumette, 2004) and an important characteristic in differentiating the genera of phototrophs from those of chemotrophs (Subhash et al., 2013c) . Here, we have reinvestigated the phylogenetic affiliation of G. changlensis JA139 T , along with two additional strains, based on polyphasic taxonomy, and propose its reclassification into a new genus.
Strains JA259 and JA749 were isolated from phototrophic enrichments of samples collected near Pangong lake [33u 569 58.100 N 78 u 259 28.340 E (~4.498 km) and 34u 039 32.850 N 78u 139 53.960 E (~3.995 km), respectively] in the Indian Himalayas. Enrichment media, purification protocols and growth of the bacteria were as previously described (Lakshmi et al., 2011a, b) . For phototrophic growth, the cultures were grown in completely filled screw cap test tubes (106100 mm) under phototrophic [light (2400 lx) anaerobic] conditions. Cultures were maintained on agar slants or as lyophilized cultures preserved at 4 u C.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C contents of the DNA of strains JA259 and JA749 (1379 bp) as determined by reversed-phase HPLC (Mesbah et al., 1989) were 69.2 and 69.3 mol%, respectively. Well-isolated colonies were used for 16S rRNA gene amplification by using PCR master mix (GeNei) as described previously (Subhash et al., 2013a) . 16S rRNA gene sequencing was performed on a 3130xl Applied Biosystems ABI prism automated DNA sequencer, as described previously (Subhash et al., 2013b) . 16S rRNA gene sequences of strains JA259 (1379 bp) and JA749 (1373 bp) were subjected to BLAST search analysis on the EzTaxon-e server (Kim et al., 2012) . BLAST search analysis indicated that the two strains belonged to the genus Gemmobacter with G. changlensis JA139 T as their closest (100 % similarity) phylogenetic neighbour, while other members of the genus Gemmobacter showed ,96.7 % sequence similarities. NCBI BLAST search analysis of 16S rRNA gene sequences of strains JA259 and JA749 also confirmed G. (Rhodobacter) changlensis JA139 T (99 % similarity) to be the closest phylogenetic neighbour. Both strains also shared 99 % sequence similarity with strains WL-71s (1339 bp), hswx25 (1384 bp) and HXG-D9 (1354 bp), which were deposited with the NCBI as strains of Rhodobacter changlensis and, hence, were used for phylogenetic analysis. The CLUSTAL W algorithm of MEGA 6 (Tamura et al., 2013) software was used for phylogenetic analyses. Distances were calculated by using the Kimura two-parameter algorithm (Kimura, 1980) in a pair-wise deletion procedure. Neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) methods in MEGA 6 software were used to reconstruct phylogenetic trees. A combined phylogenetic tree (NJ, ML, MP) revealed ( Fig. 1 ) that strains JA259 and JA749, along with strains WL-71s, hswx25, HXG-D9 and G. changlensis JA139 T , formed a separate clade within the genus Gemmobacter, while the other nine type strains of the genus Gemmobacter remained as a distinct phylogenetic lineage originating from a common ancestor.
Morphological, physiological, biochemical and chemotaxonomic analyses of the two newly isolated strains (JA259 and JA749) and the type strain G. changlensis JA139 T were carried out as previously described (Lakshmi et al., 2011a (Lakshmi et al., , b, 2013 . Most of the characteristics exhibited by strains JA259 and JA749 were similar to those exhibited by G. changlensis JA139 T , as described in the original description (Anil Kumar et al., 2007) . Taxa: 1, Cereibacter changlensis sp. nov. JA139 T (data from this study); 2, Gemmobacter (data for nine species from Chen et al., 2013; Liu et al., 2014) ; 3, Rhodobacter (unless indicated, data for 12 species from Imhoff et al., 1984; Srinivas et al., 2007; Girija et al., 2010; Shalem Raj et al., 2013; Subhash et al., 2013c) Srinivas et al., 2012 Srinivas et al., , 2014 Nupur et al., 2014) . O-R, oval to rod; R, rod; b, biotin; B 12 , vitamin B 12 ; B 3 , vitamin B 3 ; n, niacin; paba, p-aminobenzoic acid; t, thiamine; LH, light harvesting system; V, variable at the strain level; +, present; 2, absent; ND, no data available. Catellibacterium nectariphilum, used for comparison) grown to the late exponential phase in the above-mentioned medium were used for analyses of the cellular fatty acids, polar lipids and quinones, all of which were carried out as previously described (Subhash et al., 2013a, b) . Q-10 was the major quinone of all the strains tested. The fatty acid composition of strains JA259 and JA749 was similar to that of G. changlensis JA139 T and the compositions of G. changlensis JA139 T , G. aquatilis DSM 3857 T and G. nectariphilus DSM 15620 T concurred with a previous report (Chen et al., 2013) . Phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unidentified amino lipid (AL1) were the major polar lipids of all the strains tested ( Fig. S1 , available in the online Supplementary Material), as reported previously (Chen et al., 2013; Liu et al., 2014) . Diphosphatidylglycerol was missing only from G. nectariphilus DSM 15620 T , which also concurs with previous reports (Chen et al., 2013; Liu et al., 2014) . However, in this study an unidentified glycolipid was observed only in strains JA259, JA749 and G. changlensis JA139 T , which is in conflict with the previous report where glycolipid was also demonstrated in G. nectariphilus DSM 15620 T and G. aquatilis DSM 3857 T . The analysis of the polar lipids was repeated several times and the results for all the strains were consistent throughout.
It was, thus, evident that the phylogenetic relationships, based on the 16S rRNA gene sequences, of strains JA259, JA749 and G. changlensis JA139 T were in agreement with the differences in the phenotypic and chemotaxonomic (fatty acid and polar lipids) properties exhibited (Table 1) and so these strains should not be classified within the single genus Gemmobacter. The properties described must be considered to be of significance in defining and differentiating the genus Gemmobacter, and strains JA259, JA749 and G. changlensis JA139 T should be placed into a novel genus for which the name Cereibacter gen. nov. is proposed.
Description of Cereibacter gen. nov.
Cereibacter [Ce.re.i.bac9ter. L. adj. cereus waxen, waxcoloured; n. bacter a rod; N.L. masc. n. Cereibacter waxcoloured (brownish-yellow) rod].
Encompasses oval to rod-shaped, non-motile, psychrotolerant, phototrophic bacteria which multiply by binary fission. Cells are Gram-stain-negative. Internal photosynthetic membranes are present as vesicles. Photosynthetic pigments are bacteriochlorophyll-a and carotenoids of the spheroidene series. Chemotrophic growth is possible. Growth factors are required for growth. Ubiquinone-10 is present. Major cellular fatty acids are C 18 : 1 v7c/C 18 : 1 v6c with minor amounts of C 16 : 0 , C 18 : 0 , C 16 : 1 v7c/C 16 : 1 v6c and the hydroxylated acid C 10 : 0 3-OH present. The G+C content of genomic DNA is 69.2-69.4 mol% (HPLC). Delineation of the genus is determined primarily by the phylogenetic information from 16S rRNA gene sequences, phototrophic growth, chemotaxonomic and phenotypic traits.
The type species is Cereibacter changlensis.
Description of Cereibacter changlensis comb. nov.
Basonym: Gemmobacter changlensis Chen et al. 2013 The description of the species as given by Anil Kumar et al. (2007) , Zheng et al. (2011) and Chen et al. (2013) is unchanged.
The type strain is JA139 T (5DSM 18774 T 5CCUG 53722 T 5 JCM 14338 T ).
